In this study the utility of operative ultrasound in the surgical management of 98 consecutive patients with liver and gastrointestinal tumors was assessed. All patients had preoperative workup including ultrasound study of the liver as well as selective hepatic arteriography (50 patients) and computerized tomography of the liver (45 patients). At surgery, inspection and palpation of the liver as well as operative ultrasound examination were performed in all cases. Fifty-six patients were known to have liver tumors before operation, while 42 patients had their liver examined as part of the treatment of a primary gastrointestinal malignancy. A total of 126 liver tumors were found in 58 patients, all of whom were confirmed histologically. Eighteen nodules unsuspected before operation were found at surgery-nine by inspection and palpation of the liver, and nine others that were nonpalpable were found by operative ultrasound only. Eighteen lesions that were missed by all diagnostic modalities were found as secondary lesions on pathologic examination of the resected specimens. In addition to diagnostic applications, operative ultrasound was useful in localizing nodules and permitting guided biopsies deep in the hepatic parenchyma. In eight cases, segmental resections were performed with operative ultrasound to localize the plane of section and to catheterize the intrahepatic portal vein branch afferent to the tumor in order to perform balloon catheter occlusion of the vessel for control of bleeding.
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Operative ultrasound was found to be important in the surgical management of 19 of 98 patients (19%).
T nHE EVOLUTION OF radiologic techniques-ultrasound, computed tomography (CT), and selective hepatic arteriography-has brought a large number of patients with potentially treatable liver lesions to the attention of the surgeon, often with an already established diagnosis. However, these techniques do not always provide the topographic precision necessary for the planning and execution of anatomic liver resections, which can be adapted to the size and location of the lesion and the condition of the underlying liver parenchyma.
Operative ultrasound promises to be a useful tool for the liver surgeon because the external landmarks of the liver provide only an incomplete guide to the "internal" vascular anatomy. In the surgical treatment of liver tumors, it is expected that the increased information brought by operative ultrasound will result in both diagnostic and technical advances.
Operative ultrasound has several advantages that are particularly important in hepatic surgery: (1) Since no energy is lost by the ultrasound signal by passage through the abdominal wall, higher frequency scanning (5 or 7.5 MHz) can be used, which permits greater resolution and the detection of smaller lesions; (2) the ultrasound study is performed with the probe in the surgeon's hand, and this the image obtained can be related directly to the external landmarks of the liver by the position ofthe probe; and (3) sophisticated maneuvers can be performed under ultrasound guidance, such as needle biopsy or cannulation of biliary or vascular elements.'
In this study, we have attempted to define the practical consequences of routine use of operative ultrasound in the surgery of both primary and secondary liver tumors. (Fig. 1) .
Materials and Methods
In three unresectable HCC, the intrahepatic portal catheter was used to perform embolization with butyl acrylate, which, combined with unilateral hepatic artery ligation, produced selective tumor ischemia2 (Fig. 2) In the six patients with known benign liver tumors, the tumors were found to be solitary at operation; three had hemangiomas, two had focal nodular hyperplasia, and one had hepatic adenoma.
Diagnostic Efficacy ofImaging Technique
The relationship between tumor size and successful detection by the different imaging techniques is summarized in Table 1 . The sensitivity, specificity, and predictive value of the studies are presented in Table 2 .
Using the preoperative studies, nearly all of the tumors greater than 3 cm were identified before operation ( (Fig. 3) .
Topographic Precision in the Imaging of Liver Tumors
As shown in Table 3 , both preoperative ultrasound and CT provide accurate segmental localization of the tumor in most cases. Operative ultrasound permits the location of the tumor to be confirmed at surgery even when the tumor is not palpable (Fig. 4) . 
Utility of Operative Ultrasound (

Discussion
The findings ofthis review emphasize the utility of operative ultrasound in digestive surgery. It is most important in two situations: (1) when the detection of small lesions is important, such as mandatory in-screening for liver metastases, and (2) in the diagnosis and therapy of liver tumors in patients with abnormal hepatic parenchyma, such as in cirrhosis or in patients who had previous liver surgery. Although most patients can be managed successfully without these techniques, operative ultrasound is often helpful and sometimes necessary.
The diagnostic utility of operative ultrasound in the management of HCC in cirrhosis has been stressed by several authors. Although operative ultrasound permitted the diagnosis of two unsuspected liver metastases in a series of 42 patients with extrahepatic primary tumors, its role as a screening device is uncertain. It does not resolve the problem of micrometastasis, and, in the absence, of effective adjuvant therapy for GI malignancies, the therapeutic consequences of improved methods of detection must be the subject of further study.
In the surgery of benign tumors, the role of operative ultrasound is primarily in the performance ofguided needle biopsy; thus, the identity of suspicious lesions can be established without resection. Blind radical resections for inacessible lesions therefore can be avoided.
As greater experience is accumulated, the role of operative ultrasound in liver surgery will be better defined. Our initial experiences were highly favorable, and we have now adopted it as a routine practice. The anatomic precision that operative ultrasound provides permits greater confidence in the execution ofsurgical maneuvers in liver disease.
